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What is claimed i 




A multi-layered interconnect sttxicture adapted for electrically interconnecting a 
semiconductor chip and a circjpitized substrate using solder connections, said interconnect 
structure comprising: 



a thermally conductive layerlincluding first and second opposing surfaces; 

first and second dielectric Iflyers positioned on said first and second opposing surfaces, 
respectively; and 
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first and second pluraiities|of electrically conductive members positioned on said first 
and second dielectric layers, respectively, each of said first and second pluralities of said 
electrically conductive members adapted for having solder connections thereon, for being 
electrically connected to a semiconductor chip and a circuitized substrate, respectively, 
said thermally conducti\fe layer being comprised of a material having a selected thickness 
and coefficient of themikl expansion to substantially prevent failure of said solder 
connections between saad first plurality of electrically conductive members and said 
semiconductor chip and between said second plurality of electrically conductive members 
and said circuitized suttstrate. 
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The multi-layered interconnect structure of claim 1 wherein said thermally conductive 
layer comprises a metal layer. 
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The multi-layered intirconnect structure of claim 2 wherein said metal is selected from 
the group consisting 6f nickel, copper, molybdenum, and iron. 
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The multi-layered interconnect structure of claim 3 wherein said nickel comprises from 
about 38% to about 44% of said metal. 



1 5. The multi-layered interconnect structure of claim 3 wherdjin said iron comprises from 

2 about 56% to about 62% of said metal. 



The multi-layered interconnect structure of claim 2 whenlin said metal layer is comprised 



of a layer of nickel and iron having a copper layer with a 
thereon. 



The multi-layered interconnect structure of claim 6 wher^n 
copper layer comprises from about 10% to about 14 % of said 
of said thermally conductive layer. 



irst thickness positioned 



8. The multi-layered interconnect stmcture of claim 1 wherein 
material of said thermally conductive layer is from about 



said first thickness of said 
id thickness of said material 



in said thickness of said 
1.0 to about 3.0 mils. 



The multi-layered interconnect structure of claim 1 wherein said coefficient of thermal 
expansion of said material of said thermally conductive layer is from about 4.0 to about 
8.0 ppm/degree C. 
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10. The multi-layered interconnect structure of claim 1 wherem said first and second 
dielectric layers are each comprised of a layer of non-cloth dielectric material. 

1 

» 

1 1 . The multi-layered interconnect structure of claim 10 wheie|a said non-cloth dielectric 
material comprises polytetrafluoroethylene having a filler niaterial therein. 
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1 12. The mmti-layered interconnect structure of claim 1 1 wherein said filler material is silica. 

1 13. The mulu-layered interconnect structure of claim 1 wherein each of said first and second 

2 dielectricttayers have a thickness from about 1 .0 to about 9.0 mils. 

1 14. The multi-layered interconnect structure of claim 1 wherein at least one of said first and 

2 second dielectric layers includes a layer having an effective modulus to assure sufficient 

3 compliancy of said interconnect structure during operation. 

1 15. The multi-layered interconnect structure of claim 14 wherem said effective modulus is 

2 from about 0.01 |o about 0.50 Mpsi. 



f 



16. The multi-layeredWterconnect structure of claim 1 wherein said first and second 
pluralities of electrically conductive members are comprised of copper. 

17. The multi-layered interconnect structure of claun 1 wherein selected ones of said first 
plurality of electrically conductive members each include a thickness of from about 0.25 
to about 1.5 mils. 

18. The multi-layered interciinnect structure of claim 1 wherein selected ones of said second 
plurality of electrically cqnductive members each include a thickness of from about 0.25 
to about 1.5 mils. 
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19. The multi-layered interconnect structure of claim 1 further including a first electrically 
conductive layer within saiql 



first dielectric layer. 



20. The multi-layered interconne 
electrically conductive layer 
first electrically conductive 
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t structure of claim 19 further including a second 
\^ithin said first dielectric layer and positioned between said 
layer and said thermally conductive layer. 
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21. The multi-layered interconnect structure of claim 2Q wherein each of said first and second 
electricaUy conductive layers has a thickness fix)m 4out 0.20 to about 1.0 mils. 



22. 



24. 



The multi-layered interconnect structure of claim 20 Wherein said first and second 
electrically conductive layers are comprised of a mefal selected from the group consisting 
of copper or aluminium. 



23. The multi-layered interconnect structure of claim 20 
conductive layer comprises a first plurality of shieldid 



wherein said second electrically 
signal conductors. 



The invention of claim 23 wherein said multi-layereA interconnect structure further 
includes a first plated through hole adapted for beini positioned under said 
semiconductor chip, said first plated through hole eltocaUy connected to at least one 

r 

electrically conductive member of said first pluraUtjf of electrically conductive members, 
to at least one of said first plurality of shielded signal conductors and to at least one 
electricaUy conductive member of said second plurality of electrically conductive 
members. 



25. The multi-layered interconnect structure of claim 24 further including a third dielectric 
layer positioned on said first dielectric layer and on j tortious of said first plurality of 
electrically conductive members, said third dielectii( layer substantially overlying said 
first plated through hole. 

26. The multi-layered interconnect stracture of claim 25! wherein said third dielectiic layer 
comprises a layer of laser ablatable dielectric materijU. 
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1 27. The multi-layered interoonnect structure of claim 26 wherein said third dielectric includes 

2 an internal wall defining W opening therein, said opening exposing at least a portion of at 

3 least one of said first pluAlity of electrically conductive members, said intemal wall 

4 including a conductive lawr thereon. 

1 28. The multi-layered interconnect structure of claim 27 wherein said conductive layer on 

2 said intemal wall of said opening is also positioned on said exposed portion of said at 

3 least one of said first pluralify of electrically conductive members. 

1 29. The multi-layered interconnect structure of claim 28 wherein said conductive layer on 

2 said intemal wall of said opening and on said exposed portion of said at least one of said 
3 , first plurality of electrically conauctive members defines a first microvia. 

ass % 

^ 30. The multi-layered interconnect sttucture of claim 29 wherein said first microvia is 

^ electrically connected to said first Wated through hole. 

=E \ 

I 31. The multi-layered interconnect stru&ture of claim 1 further including a third electrically 

^ conductive layer within said second l^ielectric layer. 

H 32. The multi-layered interconnect structure of claim 3 1 further including a fourth electrically 

2^ conductive layer within said second dielectric layer and positioned between said third 

3 electrically conductive layer and said thermally conductive layer. 

1 33. The multi-layered interconnect structur^of claim 32 wherein each of said third and fourth 

2 electrically conductive layers has a thickljjess from about 0.20 to about 1 .0 mils. 

\ 

1 34. The multi-layered interconnect structure claim 32 wherein said third and fourth 

2 electrically conductive layers are each coniprised of a metal selected from the group 

3 consisting of copper and aluminium. 

t 
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1 35. 1 The multi-layered interconnect stracture of claim 32 wherein said fourth electrically 

2 \ conductive layer comprises a second plurality of shielded signal conductors. 

1 36. The invention of claim 35 wherein said multi-layered interconnect structaie further 

2 iiteludes a second plated through hole adapted for being positioned under said 

3 seri^conductor chip, said second plated through hole electrically connected to at least one 

4 electtically conductive member of said first plurality of electrically conductive members, 

5 to at feast one of said second plurality of shielded signal conductors and to at least one 

6 electrically conductive member of said second plurality of electrically conductive 

7 members. 

b 37. The multi-layered interconnect structure of claim 36 further includmg a fourth dielectric 

^ layer positioned on said second dielectric layer and on portions of said second plurality of 

electrically a^ductive members, said fourth dielectric layer substantially overlying said 

^ second plated ^ough hole. 

^ 38. The multi-layer^nterconnect structure of claim 37 wherein said fourth dielectric layer 

2D comprises a layer of laser ablatable dielectric material. 

a \ 

y « 39. The multi-layered interconnect structure of claim 38 wherein said fourth dielectric layer 

2 incudes an intemal waU defining an opening therein, said openings exposing at least a 

3 portion of at least one of said second plurality of electrically conductive members, said 

4 intemal wall including aconductive layer thereon. 

1 40. The multi-layered interconnect structure of claim 39 wherein said conductive layer on 

2 said intemal wall of said opening within said fourth dielectric layer is also positioned on 

3 said exposed portion of said ^t least one of said second plurality of electrically conductive 

4 members. i 
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4 1 . The multi-layered interconnect structure of claim 40 wherein said conductive layer on 
said intemal wall of said opening within sliid fourth dielectric layer and on said exposed 
portion of said second plurality of electrically conductive members defines a second 
microvia. I 

42. An electronic package comprising: 



a semiconductor chip having a first surfac^, said first surface including a plurality of 
contact members; and 

an multi-layered interconnect structure adabted for electrically interconnecting said 
semiconductor chip to a circuitized substrate, said multi-layered interconnect structure 
including a thermally conductive layer havmg first and second opposing surfaces, first 
and second dielectric layers positioned on s dd first and second opposing surfaces, 
respectively, and first and second pluralities of electrically conductive members 
positioned on said first and second dielectrij layers, respectively, said first plurality of 
electrically conductive members having a plurality of solder connections electrically 
connected thereto, respective ones of said sc Jder connections being electrically connected 
to respective ones of said plurality of contadt members on said semiconductor chip, said 
thermally conductive layer being comprised! of a material having a selected thickness and 
coefficient of thermal expansion to substantially prevent failure of said solder 

connections between said first plurality of electrically conductive members and said 

! 

semiconductor chip. j 



43. 



The electronic package of claim 42 wherein jsaid contact members comprise C4 
connections. | 
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1 44. Vhe electronic package of claim 43 wherein at least one of said first and second dielectric 

2 Idvers includes a layer having an effective modulus to assure sufficient compliancy of 

3 said multi-layered interconnect structure during operation. 

1 45. The eltetronic package of claim 44 wherein said effective modulus is from about 0.01 to 

2 about 0^0 Mpsi. 

1 46. The electronic package of claim 42 further including a first electrically conductive layer 

2 within saidWst dielectric layer. 

1 47. The electronid^ackage of clahn 46 further mcluding a second electrically conductive 

2 layer within saia first dielectric layer and positioned between said first electrically 
fc- conductive layenand said thermally conductive layer. 

\ 

^SB? ft 

=P \ 

C 48. The electronic paokage of claim 47 wherein said second electrically conductive layer 

^ comprises a first plurality of shielded signal conductors. 

y i \ 

g 49. The invention of claim 48 wherein said multi-layered interconnect structure further 

^ includes a first platedWough hole adapted for being positioned under said 

g semiconductor chip, sm. first plated through hole electrically connected to at least one 

^ electrically conductive member of said first plurality of electrically conductive members, 

5 to at least one of said fira plurality of shielded signal conductors and to at least one 

6 electrically conductive member of said second plurality of electrically conductive 

7 members. \ 

1 50. The electronic package of cMm 49 further including a third dielectric layer positioned on 

2 said first dielectric layer and oh portions of said first plurality of electrically conductive 

3 members, said third dielectric layer substantially overlying said first plated through hole. 
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5 1 . The electronic package of claim 50 wherein said third dielectric layer comprises a layer of 
laser ablatable dielectric material. 

52. The electronic package of claim 51 wherein said third dielectric includes a i internal wall 
definmg an opening therein, said opening exposing at least a portion of at 1 sast one of 
said first plurality of electrically conductive members, said internal wall in< luding a 
conductive layer thereon. 



id iiLi 



53. The electronic package of claim 52 wherein said conductive layer on said 
said opening is also positioned on said exposed portion of said at least one 
plurality of electrically conductive members. 



temal wall of 
of said first 



54. The electronic package of claim 53 wherein said conductive layer on said i ntemal wall of 
said opening and on said exposed portion of said at least one of said first p lurality of 
electrically conductive members defines a first microvia. 

55. The electronic package of claim 54 wherein said first microvia is electrical y connected to 
said first plated through hole. 



56. The electronic package of claim 42 wherein said plurality of solder connec^ons includes 
a layer of eutectic solder material positioned on said first microvia. 



57. The electronic package of claim 42 further including a third electrically con 
within said second dielectric layer. 



58. The electronic package of claim 57 fiirther including a fourth electrically coAductive layer 
within said second dielectric layer and positioned between said third electric illy 
conductive layer and said thermally conductive layer. 



uctive layer 
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1 59, The electronic package of claim 58 wherein said fourth!electrically conductive layer 

2 comprises a second plurality of shielded signal conductors. 

1 60. The invention of claim 59 wherein said multi-layered interconnect structure further 

2 includes a second plated through hole adapted for being positioned under said 

3 semiconductor chip, said second plated through hole electrically connected to at least one 

4 electrically conductive member of said first plurality of efectrically conductive members, 

5 to at least one of said second plurality of shielded signal dpnductors and to at least one 

6 electrically conductive member of said second plurality o^ electrically conductive 

7 members. 

1 61. The electronic package of claim 60 further including a fourth dielectric layer positioned 

on said second dielectric layer and on portions of said second plurality of electrically 

J conductive members, said fourth dielectric layer substantially overlying said second 

W plated through hole. 

i " 62. The electronic package of claim 6 1 wherein said fourth dielectric layer comprises a layer 

W of laser ablatable dielectric material. 

; ^ t 

^ 63. The electronic package of claim 62 wherein said fourth dielectlic layer includes an 

intemal wall defining an opening therein, said openings exposihg at least a portion of at 

3 least one of said second plurality of electrically conductive members, said intemal wall 

4 including a conductive layer thereon. 

1 64. The electronic package of claim 63 wherein said conductive layfer on said intemal wall of 

2 said opening within said fourth dielecuric layer is also positionec^ on said exposed portion 

3 of said at least one of said second plurality of electrically conductive members. 
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1 65. The electronic package of claim 62 wherein said conductive h yer on said internal wall of 

2 said opening within said fourth dielectric layer and on said ex] )osed portion of said at 

3 least one of said second plurality of electrically conductive m ;mbers defines a second 

4 microvia. 

I 

1 66. The electronic package of claim 42 further including said circiYtized substrate, said 

2 circuitized substrate having a first surface including a pluralit^ of contact pads thereon, 

3 said second plurality of electrically conductive members of sai^ multi-layered 

4 interconnect structure including a second plurality of solder coimections electrically 

5 connected thereto, respective ones of said second plurality of said solder connections 

6 being electrically connected to respective ones of said plurality of said contact pads on 
7, said circuitized substrate. i 

K \ 

J 67. The electronic package of claun 66 wherein said second plurali^ of said solder 

M connections are solder balls and/or solder columns. \ 

J 68. The electronic package of claim 66 wherein said solder compris^ eutectic solder. 

^ 69. A method of making a multi-layered interconnect structure adapts for electrically 

B interconnecting a semiconductor chip and a circuitized substrate i^ing solder 

^ connections, said method comprising the steps of: 1 

\ 

4 providing a thermally conductive layer including first and second Opposing surfaces; 

•5 positioning first and second dielectric layers on said first and secon^ opposing surfaces of 

6 said thermally conductive layer, respectively; and 
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positioning first and second pluralities of electrically conductive members^ on said first 
and second dielectric layers, respectively, each of said first and second pluralities of said 
electrically conductive members adapted for having solder connections tnereon for being 
electrically connected to a semiconductor chip and a circuitized substrat^, respectively, 
said thermally conductive layer being comprised of a material having a ^elected thickness 
and coefficient of theraial expansion to substantially prevent failure of sjaid solder 
connections between said first plurality of electrically conductive membjers and said 
semiconductor chip and between said second plurality of electrically cojiductive members 
and said circuitized substrate. !! 

i 

i; 

70. The method of making the multi-layered interconnect structure of clain(i 69 wherein said 
step of positioning said first and second dielectric layers on said first and second 
opposing surfaces of said thermally conductive layer, respectively, comprises laminating 
said first and second dielectric layers onto said first and second oppos^g surfaces at a 
pressure of from about 1000 to about 2000 psi and at a temperature cjf from about 600 to 
about 750 "F. ! 

i 

I 

7 1 . The method of making the multi-layered interconnect stracture of cls^m 69 wherein said 
positioning said first and second pluralities of electrically conductive jmembers on said 
first and second dielectric layers, respectively, comprises the steps of^ 

I 

laminating a copper foil onto said first and second dielectric layers; ai^d 

\ 

ii 

etching selected portions of said copper foil to produce fu^t and secoalfl pluralities of said 
electrically conductive members. 
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72. The method of making the multi-layered interconnect structure of claim 69 further 
including the steps of: 

positioning a third dielectric layer on said first dielectric layer and on said first plurality of 
electrically conductive members; 



removing portions of said third dielectric layer to expose portions of said fitst plurality of 
electrically conductive members; and 

forming a first plurality of microvias within said third dielectric layer to ejJpose at least a 
portion of at least one of said first plurality of electrically conductive members. 



73. The method of making the multi-layered interconnect structure of claim 72 wherein said 
removing of said portions of said third dielectric layer is performed by lasd ablating. 



74. The method of making the multi-layered interconnect stracture of claim 69|further 
including the steps of: 

positioning a fourth dielectric layer on said second dielectric layer and on siid second 
plurality of electrically conductive members; I 



removmg portions of said fourth dielectric layer to expose portions of said second 
plurality of electrically conductive members; and | 

forming a second plurality of microvias within said fourth dielectric layer to|expose at 
least a portion of at least one of said second plurality of electrically conducti|l^e members. 



75. The method of making the multi-layered interconnect structure of claim 74 wherein the 
step of removing portions of said fourth dielectric layer is performed by lasej^ablating. 
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76. A method of making an electronic package comprising thi ^ steps of: 



providing a semiconductor chip having a first surface including a plurality of contact 

I 

members thereon; 



providing a multi-layered interconnect structure adapted for electrically interconnecting 
said semiconductor chip to a circuitized substrate, said ijnulti-layered interconnect 
structure including a thermally conductive layer, having' first and second opposing 
surfaces, first and second dielectric layers positioned on said first and second opposing 
surfaces, respectively, and first and second pluralities oi^ electrically conductive members 
positioned on said first and second dielectric layers, resplbctively; 

providing a first plurality of solder connections on said first plurality of electrically 
conductive members; and I 

1 

connecting respective ones of said first plurality of solder coimections to respective ones 
of said plurality of contact members on said semiconductor chip, said thermally 
conductive layer being comprised of a material having a selected thickness and 
coefficient of thermal expansion to substantially prevent failure of said solder 
connections between said first plurality of electrically condqctive members and said 
semiconductor chip. \ 



\ 



\ 
I 
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77. The method of making the electronic package of claim 76 wherein said step of providing 
said first plurality of solder connections on said first plurality of electrically conductive 
members includes: | 

if 

forming a plurality of openings in said third dielectric layer, each of said oper|ngs 
including an internal wall and exposing a portion of at least one of said first plurality of 
electrically conductive members; 

plating a conductive layer on said internal wall of said plurality of openings a^d on said 
exposed portion of said at least one of said first plurality of electrically condijctive 
members to define a plurality of microvias; | 

.1 

applying a first solder paste onto said conductive layer; and I 

! 

il 

reflowing said first solder paste to form a first plurality of solder connectioi^'s.. 

I 

78. The method of making the electronic package of claim 77 wherein said step pf connecting 
respective ones of said first plurality of solder connections to respective one$ of said 
plurality of contact members on said semiconductor chip further includes the steps of 

applying a second solder paste onto said respective ones of said first plurality of solder 

1. 

connections, positioning said respective ones of said contact members of said 
semiconductor chip against said respective ones of said first plurality of soldi&r 
connections, and reflowing said second solder paste and said respective ones of said first 
plurality of solder connections to electrically connect said semiconductor chip to said 
multi-layered interconnect structure. \ 
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79. The method of making the electronic package of claim 76 further including the steps of: 

providing a circuitized substrate having a first surface including a plurality of contact 
pads thereon; 

providing a second plurality of solder connections on said second plurali y of conductive 
members of said multi-layered interconnect stracture; and 

connecting respective ones of said second plurality of said solder conne tions to 
respective ones of said plurality of contact pads on said circuitized substirate to make 
electrical connections therebetween. 
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